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INTRODUCTION
Recently much interest has been shown in small scale alcohol pro
duction units for on farm fuel production of 180 proof ethanol from
surplus com, while utilizing corn cobs and stalks as a stover to fxre
steam boilers for cooking the ground corn and for distilling the
alcohol. Such a plant is presently being investigated by researchers
in the Iowa State University Agricultural Engineering Department.
Approximately 10 percent of the total seed corn produced in the
United States goes to waste as a result of overproduction, obsolete
hybrids, or decreased viability; this amounts to about two million
bushels to be disposed of annually.
Because of a fungicide treatment, the seed corn cannot be directly
fed to animals nor burned as a fuel. Burying in a landfill is currently
the only legal method of disposal, and the corn has to be mixed with a
specific amount of lime to hydrolyze the fungicide.
The research reported in this thesis investigated the effect of
Captan, a protectant fungicide, upon the enzymatic conversion of corn-
starch to sugar, as well as the effect of Captan upon fermentation of
the resultant sugar. The methods used for conversion and fermentation
were developed for use in small scale farm plants, these being.
a) the use of commercially available enzymes,
b) cooking at atmospheric pressure,
c) non-sterile conditions for fermentation.
Currently, thermostable alpha amylase produced from bacterial
extracts can withstand 100°C cooking temperatures. This is compatible
with an atmospheric cooker working at a steam pressure of 15 psi, the
maximum design pressure for safe use on a farm. Unfortunately,it is
not possible to sterilize the equipment with such low pressure steam,
and hence for cleansing, acid/alkaline or detergent washing procedures
must be utilized. Thus,an experiment was designed to best model the
conditions that might be found in a small scale distillery.
OBJECTIVES
The objectives of this research were:
1) To determine the effect of Captan, a protective fungicide, on
enzymes commonly used in liquefaction and saccharification of corn-
starch*
2) To determine the effect of Captan upon the yield of alcohol
from a fermentation process.
3) To ascertain the effect of the cooking and fermentation process
upon the fungicide.
4) To relate the laboratory findings to a full scale system.
THEORY OF ETHANOL PRODUCTION
The process for conversion, of starch into fermentable sugar involves
two fundamental steps:
1) Cooking the ground com by heating it in water to rupture the
starch granules.
2) Conversion of the cooked starch into fermentable sugar, namely
the mashing step.
To facilitate ease of handling starch slurries, and to prevent
gelatinization, enzymes are used to hydrolyze the starch molecules.
This process thins and liquefies the starch as it is cooked.
Other enzymes are used for saccharification, and yeasts ferment the
resultant sugars. The physical and chemical steps involved in the starch
to alcohol conversion are summarized below and are examined in more
depth in the following section of this thesis.
Starch granule
Hydrolysis
water and heat Solubilized starch
Starch
liquefaction
°^12"22°U
Dextrins
B + H^O
saccharification
2C6«12'^ 6
Glucose
Fermentation
2S«12°6 ^ «2°
yeast enzymes
Glucose
Figure 1. Hydrolysis and fermentation
200^ + 2C2H_0H
Carbon
dioxide
Ethanol
LITERATURE REVIEW
Enzyme Hydrolysis
Liquefaction
See step A (Figure 1).
If cornstarch is heated alone in the presence of water to approxi
mately 65°C, gelatinization will occur. This gel is a colloidal sus
pension of ruptured starch granules. The gelatinized starch can be
readily converted to complex sugars by the action of the enzymes alpha
and beta amylase.
Historically these enzymes were introduced into the cooked corn-
starch in the form of malt; this consisted of germinated barley, which
had been dried and ground to a fine powder, l^hen introduced into the
gelatinized cornstarch the malt has a pronounced thinning effect.
Evidence of a specific liquefying enzyme was first noted by
Chrzaszcz. 1911, and later by Jozsa and Gore (1930), according to Tauber
(1943). Their work investigated the liquefying power of malt, using a
viscometric method. This method has been developed and used by many
subsequent researchers.
The thinning enzyme was isolated by Waldschmidt-Leitz and Mayer ,
1935 , from an aqueous extract of germinating barley and was subsequent
ly named "amylophosphatase" (Tauber, 1943).
Further work by Hollenbeck and Bllsh (1941) showed that enzymes
from three sources, namely malted wheat, Aspergillus oryzae, and a bac
terial extract, when adjusted to the same dextrinization level,
exhibited the same liquefying power on a starch slurry. Also it was
shown that both dextrinization and liquefying ability are affected by
heac and changes in pH. Calcium ions were found to protect both functions
equally against heat inactivation.
Thus the researchers were able to conclude that dextrinization and
liquefaction are attributable to one enzyme, namely alpha amylase, and
that bacterial alpha amylase shows a higher optimum pH range and a
greater resistance to high temperatures than either malted wheat or
Aspergillus oryzae,
A hypothesis presented by Hanes (1937) suggested how the newly dis
covered liquefying amylase formed a complex with starch chains, loosening
the bonds combining different macromolecules, and eventually releasing
phosphorus and transforming the end groups into a reducing state (see
Figure 2).
Starch contains about 20Z of a water insoluble fraction called
amylose and 80% of a water soluble fraction called amylopectin, con
trary to many statements in common organic chemistry textbooks (see
Green, Blankenhom, and Hart, 1975); see Figure 3.
Amylose is thought to be made up of long chains of glucose units
with little or no branching. These chains have a molecular weight
between 3000 and 50,000, Amylopectin, however, is a branched D-glucose
polymer, with branches averaging 25 glucose units in length. Amylo
pectin molecules are larger than amylose, having a molecular weight of
1 to 2 million (see Figure 4).
The alpha amylase breaks down the a 1 - 4 links in the amylose at
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random; as a result of this process dextrins are formed. Dextrin mole
cules have shorter chains than the starch molecules, and consist of D-
glucose units. Alpha 1-4 links in amylopectin are also broken down by
alpha amylase, however the branch components of amylopectin are not
affected as amylase cannot hydrolyze ct 1 - 6 links.
With sufficient time at elevated temperatures under the optimum pH
levels for each type of amylase, the comstarch is broken down into a
mixture of short chain polysaccharides, namely dextrins, maltose and
alpha limit dextrins (the unhydrolyzed components of amylopectin). The
action of alpha amylase on amylose and amylopectin is shown in Figure
5.
Saccharification
See step B (Figure 1).
Ohlsson, 1926. after Tauber (1943) showed that it was possible to
separate amylase into two fractions by sequential heat and acid treat
ments. The fraction that showed more stability towards heat is alpha
amylase, and the fraction stable in acid media is beta amylase.
Much research has been carried out to investigate mashing processes
using various saccharifying agents. Some of the important findings are
listed here.
Owen (1933) utilized mold as a source for his enzymes rather than
bacteria, and noted higher temperature stability and increased alcohol
yield.
Schoene, Fulmer and Underkofler (1940) compared several types of
amylotic reagents, namely malt, moldy bran and soybean meal, with
11
various mashing procedures and concluded that combinations of several
saccharifying agents may be beneficial when used with acid hydrolyzed
corn mashes. Generally lower alcohol yields were obtained from grain
mashes saccharified with dilute mineral acids, rather than with amylase.
Folckemer (1943) investigated the effects of various mashing
procedures upon the alcoholic fermentation of comstarch and showed an
increased alcohol yield by rapid mash cooling and the use of malt as a
saccharification agent.
Another enzyme, namely amyloglucosidase (after Tauber, 1943),
common name Glucoamylase, is also present in malt; this enzyme, together
with beta amylase, further hydrolyzes the maltose and alpha limit dex-
trins produced by liquefaction/dextrinization.
Beta amylase will break down a 1-A links starting at the reducing
end of the chain in both starch and dextrins; this results in a stepwise
release of maltose, a disaccharide. Like alpha amylase, beta amylase
cannot hydrolyze the alpha limit dextrin 1-6 links,
Amyloglucosidase, however, mainly splits maltose into two glucose
molecules, but also shows activity toward the a 1-4 links in short
chain polysaccharides. More importantly this enzyme can hydrolyze
a 1-6 links in the alpha limit dextrins formed by the action of alpha
amylase in amylopectin.
Thus the combination of the three enzymes, alpha amylase, beta
amylase, and amyloglucosidase, all found in barley malt, makes possible
the complete hydration of starch into fermentable sugar - D-glucose (see
Figure 5).
•b-b-b-b-b-b^
Amylose
•b-b^b-b-b-b
Action of
alpha-amytase
b^b^b-bb
Action of
beta-amylase
bbbbbbb
Action of amyloglucosidase
12
Amylopectin
Action of
alpha-amyiase
b^b-bbi>bb^b
Action of
alpha-amyiase
and beta-amylase
5556566565
Action of alpha amylase and
amyloglucosidase
Figure 5. Action of alpha amylase, beta amylase and
amyloglucosidase on starch (after Novo
Industri A/S, 1977)
13
Pazur and Ando (1960) studied Che effect of fungal amyloglucosidase
on 1 - 4 and 1-6 bonds; their results showed that 1-4 bonds were
hydrolyzed more rapidly than 1-6 bonds. They also found that pH and
temperature affect the relative activity of amyloglucosidase.
Hiromi et al. (1966) studied the competition between two types of
substrate (maltose and panose), and concluded that amyloglucosidase has
only one active center which breaks both a 1-4 bonds and ct 1- 6 bonds.
Alcoholic Fermentation
The following review is abstracted from Harden (1932).
Alcoholic fermentation is the anaerobic dissimilation of suitable
sugars into ethyl alcohol and carbon dioxide.
There was much controversy amongst early investigators over the
theory of fermentation; it was not until 1838 that accepted concepts
were formulated by Kutsing, Latour, and Schwann; discovering that yeast
was a living organism they declared that fermentation was associated
with the action of a living form.
Pasteur, however, postulated that fermentation and putrefaction were
both caused by living organisms, but Leibig was convinced that these
organisms were a result of decomposition.
In 1860, after much hypothesizing, Pasteur concluded that alcoholic
fermentation was an act correlated with life and organization of yeast
cells, not with the death or putrefaction of the cells any more that it
was a phenomenon of contact, in which case the transformation of sugar
would be accomplished in the presence of the ferment without yielding
it up or taking anything from it (after Harden, 1932).
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Upon completion of a series of experiments in 1872, Pasteur estab
lished the fact that fermentation cannot succeed without life.
Not until 1897 did Buchner prepare a liquid extract from yeast
which he called zymase. This liquid was capable of resolving sugars into
carbon dioxide and ethanol, thus partially disproving Pasteur's theory
of no fermentation without life.
Further work by Martin (1897) showed that yeast juice could be
separated into two fractions, separately incapable of fermentation,
but combined could rapidly ferment glucose.
By this period it was evident that zymase is an extremely complex
system of specific enzymes coordinated to bring about the resolution of
glucose into carbon dioxide and ethanol.
Since the turn of the century, several schemes for alcoholic fer
mentation have been put forward. The most outstanding in 1933 by
Embden and Mayerhoff (after Bailey and Ollis, 1977), who proposed a
scheme of anaerobic glycolysis (see Figure 6).
Pyruvic acid is regarded to be the "key" to dissimilation of glucose;
the overall chain of reactions leading to the end products of carbon
dioxide and alcohol are summarized in Figure 7.
Captan Detoxification
Captan is widely used as a surface fungicide for control of a
fairly broad spectrum of plant pathogenic fungi, for example: scabs,
blotches, rots, mildew, and other diseases on fruit, vegetables and
flowers. Captan is also used in seed dressings as a disinfectant.
WhMp¥
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The fungicidal activity of Captan is reported to be a result of
interaction with thiol groups (sulphur analogs of alcohol) releasing
thiophosgene, which in turn reacts with amino and hydroxyl groups,
disrupting the metabolism of the fungi (Lukens and Sisler (1958) after
Substitute Chemical Program, 1975).
Physical properties of Captan (after Substitute Chemical Program, 1975)
Chemical name: N-(trichlororaethylthio)-4-cyclohexene-l,2-dicarboxi-
mide.
Common name: Captan
Trade names: Merpan, Orthocide, SR—406, Vanicide
Pesticide class: Fungicide; chlorinated organosulfur compund
Structural formula:
,NSCCl3
Captan
Empirical formula: CgHgCl2N02S
Molecular weight: 300.61
Analysis: C, 35.96%; H. 2.69%; N, 4.67%; Cl, 35.50%; S, 10.67%;
0, 10.65%
Physical state: Pure: white crystals; Technical: yellow to buff
colored amorphous powder
Odor: Pure: odorless; Technical: pungent
Melting point: Pure: 178'C; Technical: 160-170®C
Boiling point: decomposes near melting point
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Specific gravity (20/20^C): Pure: 1.73; Technical: 1.62
Bulk density: 25-30 Ib/ft^
Vapor pressure: 6 x 10 mm Hg at 25 C
pH: 8.0-8.3 typical (electrometric, 10% dispersion in water)
Captan is not toxic; it has been shown to be mutagenlc
(Marshall et al., 1976; De Bartoldi et al., 1978). carcinogenic and
teratogenic (Martin et al., 1978) in certain organisms.
Captan's effect upon yeast was investigated by Siebert et al.
(1970), who found Captan to be a weak agent for mitotic gene conversion
and did not induce cytoplasmic mutation.
The hydrolysis of Captan has been studied extensively. Miller,
1975, and Melkinov , 1971 , after Substitute Chemical Program (1975),
concluded that the rate of hydrolysis of Captan increases at elevated
temperatures and at high pH levels.
The reaction given by Melkinov is as follows:
,NSCCl3 + 2H20 NH + CO2 + 3HC1 + S
Captan Tetrahydrcphthalitnide
19
The race of hydrolysis was also studied by Daines eC al. (1957) and
the California Spray Chemical Corporation, 1955 (Substitute Chemical
Program, 1975). They concluded that hydrolysis of a 2% Captan slurry
at 100°C was complete in 2-2h hours, also noting that further hydrolysis
of Tetrahydrophthalimide yields the following:
HoO
0
il
C-OH
C-OH
II
0
+ NH.
Daines et al. (1957) further investigated the decomposition of
Captan at varied pH levels, finding that Captan was hydrolytically
stable at neutral or acid pH, but decomposes rapidly in alkaline media.
Other schema for decomposition have been put forward and summarized
by Wolfe et al. (1976). The reader is referred to this paper for a
more detailed review.
As a result of overproduction, obsolete hybrids, or decreased
viability, two million bushels of seed corn that have been treated with
Captan have to be disposed of annually. This amounts to ten percent
of the United States annual seed corn production (after Dr. Loden,
American Seed Association, Washington, D.C., personal communication).
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Because of the Captan treatment, the surplus seed com cannot be
fed to livestock or burned for fuel. Currently the only acceptable
method of disposal is burying in a landfill, and then only when mixed
with specified amounts of lime.
Coates and Dahm (1979) investigated the detoxification of Captan
treated seed corn via a series of alkaline and detergent washes, and
concluded that the proposed method would reduce residues from 700 to
0.1 ppm.
Preliminary work by Chaplin and Walters (1979) shows fermentation
to reduce Captan levels from 700 ppm to nondetectable.
Summary of Literature Review
Hydrolysis
Complete hydrolysis of starch to glucose may be accomplished by the
use of alpha amylase in conjunction with bacterial amyloglucosidase.
The alpha amylase is the enzyme responsible for liquefaction of the
starch at elevated temperatures (90*^0, pH 6.5), and for the random
cleavage of a 1-4 linkages in both amylose and amylopectin (the in
soluble and soluble fractions of starch). This results in a mixture of
short chain polysaccharides (dextrins) and unhydrolyzed alpha limit
dextrins; the latter being polysaccharides containing a 1-6 linkages
broken by the action of alpha amylase.
The second enzyme treatment, carried out at lower temperatures
^Unoublished research, Iowa State University, Ames.
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and in an acidic mediiim, will hydrolyze the remaining a 1-4 linkages,
and more importantly, the ci 1 - 6 linkages, resulting in single glucose
units.
Fermentation
Anaerobic fermentation of the glucose takes place at 30°C; no net
oxidation occurs during the glycolysis as outlined below (from Figure
6).
C
2NADH
2 Pyruvic acid
2 Alcohol + 2 COo
Captan
Captan is used as a protectant fungicide and as a disinfectant in
seed dressings. The excess treated seed corn that results from de
creased viability, obsolete hybrids, or overproduction must be disposed
of each year. The excess presents a disposal problem, as the chemical
has been shown to be mutagenic, carcinogenic and teratogenic in
certain organisms.
Disposal may be accomplished by burial with specified amounts of
22
lime, which facilitates the alkaline hydrolysis of the fungicide or by
the sequential washing of the grain in alkaline and detergent washes.
23
EXPERIMENTAL DESIGN
After preliminary tests were carried out (Chaplin and Walters,
1979)^ on several treatments of ground corn, it was decided to further
investigate the effect of Captan upon cooking and fermentation.
A randomized complete block design was selected using two observa
tions per block for each of the treatments (Steel and Torrie, 1960).
The randomization assures a valid measure of experimental error, and
replication within b-locks assures a means whereby experimental error
may be computed.
As the design involved only two treatments, namely a control or
untreated, and Captan treated seed corn, a large number of replicates
was necessary to gain sufficient precision.
A blocking factor by day was utilized to absorb error introduced
with variations in technique, ambient temperature, humidity, atmos
pheric pressure, and moisture content of com, all of which influenced
the experiment, but were not controlled in the experimental work.
Two replicates were made for each sample within each block, thus
giving an estimate of the sampling error Incurred within blocks. The
experiment was run over a period of four weeks and was repeated thir
teen times, giving fifty one degrees of freedom (see Figure 8). For
the purpose of analyzing the data by computer, control is represented
by Trt » 1, and Captan by Trt = 2.
^Unpublished research, Iowa State University, Ames.
24
Treatment (t)
Block Control (141) Captan treated (141T)
Sample 1 Sample 1
1
Sample 2 Sample 2
It II
•1
II It
II
It II II
13
Sample 1 Sample 1
Sample 2 Sample 2
Source df
Blocks 13-1-2
Treatments 2-1-2
Experimental
error
12
Sampling error 13x2(2-1) - 26
Total 13x2 x2-l - 51
Figure 8. Randomized complete block design
25
MATERIALS AND EQUIPMENT^
Item Supplier
Hybrid lAl untreated corn Acco Seed Corn. Belmond. lA
Hybrid 141T treated corn Acco Seed Corn, Belmond, lA
@ 700 ppm Captan
Termamyl 60L (a amylase) Novo Enzymes, Wilton, CT
AGM 150 L (Amyloglucosidase) Novo Enzymes, Wilton, CT
Yeast: dry wine Universal Foods, Milwaukee, WI
Varian 3700 Series gas-liquid chromato-
graph equipped with a 63Ni electron-
capture detector
Gas-liquid chromatography was used according to the method of Wolfe
et al. (1976). The conditions for detection on the Packard and Varian
GLC*s were:
Column:
material: glass
dimensions: 137 cm long; 4 mm ID
packing: 3Z SE-30 on Suppelcoport (80/100 mesh)
Temperatures for Captan dicarboximide, dicarboxylic acid,
injection port: 170°C
column: 160®C
detector: 170'C (Packard); 230®C (Varian)
^Mention of a brand name does not imply endorsement by Iowa State
University.
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Carrier gas:
prepurified nitrogen (Matheson)
flow rate: 65 cc/min (Packard); 25 cc/min (Varian)
Detector:
mode: electron capture, ^H-foil (Packard); electron capture,
^^Ni (Varian)
limit of detection: 0.0005 ppm (in solution) or 15 picograms
Solvent for extractions and injections:
Nanograde benzene
Retention time (Varian):.
Captan: 2.2 min
27
PROCEDURE
First the seed corn samples were finely ground in a burr mill,
taking care to ensure that the control sample did not become contami
nated with Captan from sample 141T. The starch content of the samples
was then determined by Association of Official Analytical Chemists
(1975, test 8.017)(see Table 1).
A slurry was then formed with 25 g of the milled grain, 1 ml of
lOOX Novo 60L (preliquefaction alpha amylase) and 70 ml of cold water.
The overall pH at this stage was 6.5 (for enzyme performance and
characteristics see Appendix B).
The slurry was then heated in a water bath from ambient temperature
to 95°C over a period of approximately 20 min, and then held at this
temperature for 30 min. The cooking mash was stirred periodically; all
cooking was carried out in a fume cupboard.
After the cooking at elevated temperatures, 50 ml of dilution water
and 1 ml of lOOX Novo 60L (postliquefaction alpha amylase) were added,
and the mash was allowed to cool to 60°C.
The pH was then adjusted to 4.5 with 1.6 N propionic acid, and
A ml of lOOX Novo AGM 150L were added; the latter being a saccharifying
amyloglucosidase. The flasks were then placed in a waterbath at 60 C
flnH sealed with rubber stoppers. No flask to flask transfers were neces
sary during the cooking period, thus eliminating losses of sugar and/or
com residues.
After 24 hr, a hand held refractometer was used to determine the
percent sucrose of the resultant substrate (for 0-15% assume % sucrose •%
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glucose, see AOAC (1975) Table 52.014). These results are recorded in
Tables 14 to 26, Appendix A. The samples were then removed from the
waterbath and the pH was adjusted to 5.5 with 1N sodium hydroxide and
allowed to cool prior to adding the yeast.
A 1 g inoculum of dry wine yeast was added to each sample. The
samples were Incubated in a waterbath at 30 C for 72 hr. Amanifold and
bubble trapwereused to prevent excessive evaporative losses. For a
summary of the laboratory procedure, see Appendix C.
Alcohol yields were measured using a gravimetric technique using
pycnometer (AOAC, 1975, test 9.013; see Appendix A for raw data and
sample calculations). After distillation 141T samples of alcohol and
residue were analyzed for Captan using a gas-liquid chromatograph (for
method see Wolfe et al., 1976).
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DISCUSSION ANB RESULTS
Starch Determination and Verification of Laboratory Procedure
Initial starch determinations were made according to the procedure
found in AOAC 14.069, this being a complex enzymatic hydrolysis, using
a lipid extraction in the first instance, followed by treatment with
Rhozyme-S (Rohm and Haas Co.), a high potency concentrated amylase
preparation, the final glucose content being determined by an Alkaline
Ferricyanide method.
However, results from the above procedure proved consistently high,
when compared to accepted starch content (Morrison. 1947), so a direct
acid hydrolysis method was adopted (AOAC, 1975, test 8.017) where starch
is hydrolyzed by treatment with hydrochloric acid and refluxed for two
and a half hours; the results of this determination are given in Table
1, the average starch content being 66.15%.
For comparison,further starch determinations were performed
utilizing the procedure outlined in Appendix C. The laboratory pro
cedure was firstly verified using known additions of cornstarch (Table
2), this method being similar to that found in Macrae and Armstrong
(1968).
Glucose determinations were by the reduction of Alkaline Ferri
cyanide (see Appendix C for method).
The results following the procedure using 0,4 g of corn (141) are
shown in Table 3. The percent starch by this method was found to be
63.5%.
Since a given value for a well dried dent corn is approximately
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Table 1. Starch determination by direct acid
hydrolysis method (AOAC, 1975, test
8.017)
Starch content, % dry matter
Control 141 Treated 141T
Average
Overall average 66.2 starch DM
72.0
64.3
65.1
67.1
67.9
58.6
69.1
65.2
Table 2. Recovery of starch from cornstarch
at various levels
Starch added
g dry matter
0.0000
0.0952
0.1770
0.3532
Starch found
g dry matter
-0.0005
0.0915
0.1640
0.3390
Recovery
96
93
96
31
Table 3. Recovery of starch from corn, with known amouncs of cornscarch
added and vd.th a half hour cooking time
Corn sample
g dry weight
Cornstarch added
g dry weight
Observed starch
g
Cornstarch recovery
%
0.3512 0.223
0.3525 0.1462 0.378
102
0.3511 0.2510 0.475
100
0.3676 0.3974 0.661 105
80% carbohydrate (after Morrison, 1947) the procedure was then modified
to extend the cooking time from half an hour to four hours by refluxing,
The percent of starch determined by this method was found to be 73.9%
(Table 4).
The results from Tables 3 and 4 were adjusted to 0.4 g samples and
graphed (Figure 9). The estimated amounts of starch present were as
follows: 58.8% for 1/2 hr cooking time; 83.9% for 4 hr cooking time
(method after Hach Chemical Co., 1978); see Figure 9.
Further tests were carried out to include an eight hour cooking
period. The complete set of results is summarized in Table 5. Also
the influence of particle size on amount of starch released was ex
plored. Three categories of grind size were half kernels, ground fine
(1/16" hammer mill) and Ball milled for 96 hr. All samples were
refluxed for 4 hr.
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Table 4. Recovery of starch from corn with known amounts of cornstarch
added and with a four hour cooking time
Com sample
g dry weight
Cornstarch added
g dry weight
Observed starch
g
Cornstarch recovery
%
0.3626 0.268
0.3782 0.08635 0.357 97.5
0.3721 0.1988 0.438 92.4
0.3602 0.2841 0.520 94.5
Table 5. Influence of reflux time on starch release
Com sample Reflux time Observed starch
g dry weight hr %
0.3512 0.5 63.5
0.3626 4.0 73.9
0.3131 8.0 84.6
34
The results shown in Table 6 indicate that fineness of grind does
influence the amount of starch released.
Table 6. Influence of grinding on starch release
Type of treatment
on kernels
Broken in half
Ground fine
Ball-milled for 96 hr
Reflux time
h
Starch
% dry natter
22.3
64.2
75.4
Captan Treated Seed Corn
The procedure developed and verified in the previous section was
then used to determine the influence of Captan (@ 700 ppm) upon the
enzymatic hydrolysis of the starch present and also effects on ethanol
produced after 72 hr of fermentation with a common dry wine yeast.
The experimental design adopted is as discussed on pages 23 and 24.
The treatments were: Captan treated seed corn at 700 ppm (Hybrid 141T),
and untreated seed com of the same variety as a control.
For completeness, raw and calculated data are shown in Appendix A.
The percent alcohol yield is calculated using a theoretical starch
content of 58.8%, this figure being the estimated starch available after
1/2 hr of cooking (see Figure 9).
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General linear model
A statistical analysis was carried out using a general linear
model procedure, see Appendix A. The program regresses a line through
the data and gives estimates of intercept and gradient for each treat
ment. The model for linear regression is developed as follows:
where
i • number of treatments (i » 1 ... t, t * 2)
j * number of observations (j • 1 ... n, n = 26)
• dependent variable • ethanol, %vol.
Independent variable - glucose
Vi • overall mean
y . " true value of Y., for a specific X^, value; Y^, is an
estimate of Uv- v
2
• random error assuming N-ID(0,a )
8 " slope esimated by b
• intercept estimated by b^
[1]
6q ^ ^i~®i^i *" substitute for in equation 1:
^ /X * ®i^ij
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Therefore estimate for
also
Theoretically * 0, 3 • 92 g ethanol/182 g glucose = 0.5102.
The results of the linear regression are summarized in Table 7.
A rankit vs. residual plot was constructed for each treatment; a
correlation between rankits and residuals gives coefficients of 0.9859
and 0.958A for control and Captan, respectively. The probability of
getting a higher correlation is very small (a « 0.0001). The rankits
procedure shows the assumption that the e^ '^sdocome from a normal
distribution.
From the regression analysis it may be inferred that there is
no significant difference between treatments. However, the preceding
analysis did not take into account the block (daily) variations in
glucose and ethanol yield, as previously described in the experimental
design, so an analysis of variance was conducted (see Appendix A).
Analysis of variance
A summary of this analysis is shown in Tables 8 and 9. Average
yields are shown in Table 10. The model used in the analysis is
shown below:
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Table 7. Summary of general linear model results
Control 141 Captan 141T
Prediction Prediction ^
equation: Y - 0.8323 + 0.5672X equation: Y •• -0.0569 + 0.7373X
1) Intercept
«o= ®o - °
Tests
1) Intercept
H : 0 t(0.01 . 24) - 2.799A 0 —2—
a « 0.01 0.8323 - 0
1.4142
Test statistic « 0.59
Inference: Hq: 3*0
2) Gradient
H^: e - 0.5102
H,: 3 ^ 0.5102
A
a - 0.01
t(0.01.24) « 2.799
2
Test statistic " 0.5672 - 0.5102
0.1513
- 0.3767
Inference: Hq: 6 • 0.5102
^0= ^0 ^ °
H : ^ 0 t(0.01,24) = 2.799
A U —7
a « 0.01 -0.0569 - 0
1.6138
Test statistic * -0.04
Inference: Hq: 0 • 0
2) Gradient
H^: 3 = 0.5102
H,: 3 0.5102
A
a - 0.01
t(0.01.24) - 2.799
2
Test statistic * 0.7373 - 0.5102
0.1756
- 1.2933
Inference: Hq: S • 0.5102
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Table 8. Analysis of variance - dependent variable: glucose at 24 hr
ANOVA
Source df
Sum of
squares
Mean
square F Estimate
Block 12 141.8005 11.8167 10.21
2 2.^2
a » so + tsa 0
e p
Treatment 1 0.0300 0.0300 0.03
2^ 2 2
a + sa + rsa
e T
Residual (B*T) 12 13.8918 1.1577 0.78
2^ 2
a + sa
e
Sample error 26 38.7058 1.4887
2
a
Corrected total 51 194.4281
Tests:
^2
a
1) Block: F - —
^ -2 ^2+ SO ^ + tso g
-2_^ -2 1.
a +sa e
.1577
12
.21** Fj^2
a = 0.05 « 2.69
a - 0.01 - 4,16
-2^ -2 -2a + sa + rso n Q3
2) Treatment: F- ^2 . ^2 ^ ° Ttl577 ^12 a
a + sa ^
a^ +sa^p 1.1577
a2 " 1.4887
1 a
3) Experimental
error
,12 a =
26 Qt *•
0.78 n.s. F
Not significant.
* Significant.
** Highly significant.
0.05
0.01
4.75
9.33
0.05 = 2.18
0.01 » 3.03
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Table 9. Analysis of variance - dependent variable: ethanol, %by
volume
ANOVA
Source df
Block 12
Treatment
Sum of
squares
Mean
square
178.0159 14.8347 23,90
5.0282 5.0282 8.10
Residual (B*T) 12 7.4478 0.6207 1.21
Sample error 26
Corrected total 51
13.3821 0.5147
203.8750
Tests:
1) Block; F
-2^ -2 ^20 4so ^+tsa g 14.8347 ,
^2^ 2 0.6207
a +sa
Estimate
2 2 2
a + so + tso
C P
2 2.2
a + sa + rsa
e T
2^ 2
o + so
,12 a
12 a
0.05 - 2.69
0.01 • 4.16
2) Treatment: F •
'"2 ^ ^"2 ^ ^2o +sa ^+ rsa ^ 5^^282
^2^ ^2
a + sc
0.6207
1 a
12 a
8.10* F
0.05 - 4.75
0.01 » 9.33
3) Experimental
error
^2^ ^2
o + so
(
^2
a
Not significant.
* Significant.
Highly significant.
0.6207
0.5147
1.21 n.s.^ ®
26 a
0.05 - 2.18
0.01 - 3.03
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Table 10. Average yields of glucose and ethanol
Treatment %glucose Ethanol ^ Theoretical
at 24 hrs % vol.
141 control 9.09 5.99 59
141T Captan 9.04 6.61 65
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where
= dependent variable
i » number of treatments, i»l... t, t*2
j * number of blocks, j«l... r,r«13
k « number of replicates, k • 1 ... s, s • 2
\i « overall mean
T. * treatment effect
3.
Sj = block effect
S.,, * saiQple effect
ijk
- random error
From the analysis the following inferences were made:
1) The blocking factor (batch to batch variation ) has a highly
significant effect on both the glucose present and the ethanol yield
after fermentation, accepting that there is one chance in one hundred
that the results could be due to an unusual sample. (A possible cause
for these variations is nonsterile conditions for fermentation.)
2) The presence of Captan does not significantly influence the
hydrolysis of starch to glucose by the action of bacterial amylase,
however the presence of Captan significantly increased the yield of
ethanol, accepting that there is a one in twenty chance that the results
are from an unusual sample.
3) Experimental error was not significant in either glucose or
ethanol determinations, however the precision of the refractive method
for determining the glucose yield at 24 hr is questionable, as the
sampling error is larger than the experimental error.
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4) A 95% confidence Interval for mean ethanol yield using the ex
perimental error as the best estimate for variance;
s^ - 0.6207 /—
k ^
Y , ± t,0.05s,12 Yi/-—
control ' n
2 control
- 5.99 ± 2.179
= 5.99± 0.3367
Inference for 1/2 hr cooking period using hybrid 141:
Control 95% confidence interval expressed on mean ethanol yield by
volume has a lower bound of 5.69% and an upper bound of 6.33%, or 95%
confidence interval expressed on expected average yield of 180 proof
ethanol has a lower bound of 55% and an upper bound of 61%.
Similarly for Captan treated seed com: 95% confidence interval
expressed on mean ethanol yield by volume has a lower bound of 6.27%
and an upper bound of 6.95%, or 95% confidence interval expressed on
expected average yield of 180 proof ethanol has a lower bound of 61%
and an upper bound of 67%.
An analysis of correlation was conducted to investigate the intensity
of association between glucose and ethanol; results are shown in Table 11.
Such low values of the simple correlation coefficient are not unexpected
as large variations exist about the regressed line. Thus,under control
conditions, 37% of the variation in ethanol yield is explained by
variation in glucose yield, and similarly for Captan treated seed corn,
42% of variation is attributable to variations in glucose yield.
Partial correlation coefficients were calculated to examine correla-
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Table 11. Correlation coefficients
Sugar
Simple Partial
Treatment Dependent Variable coefficient coefficient
141 Control Ethanol 0.6077 0.0985
141T Captan Ethanol 0.5509 0.4337
tion between glucose and ethanol within blocks; from these results it
appears that more correlation exists between glucose and ethanol in the
Captan treatment, and much less in the control. However, it may be con
cluded that the %glucose after 24 hrs is not a good method of estimating
ethanol yield.
Sample Error Estimation
Glucose yield was determined using a hand held refractometer, having
a direct scale reading in % sucrose; this may be assumed to equal % glu
cose in the range of glucose concentration of the substrates (1-15%).
This instrument may be read with an accuracy of ±0.20% sucrose. Varia
tions in the Z glucose within batches is most likely due to the impurities
and fine solids present within the substrate, affecting the accuracy with
which the instrument may be used.
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Ethanol yield measured by gravimetric methods may be expressed to
±0.03% by volume or weight. This estimate is based on ability to
measure specific gravity of the distillate to ± 0.0001 and using AOAC
(1975) Table 52.003 to express this as % volume to ±0.03.
Residual Captan in Distillate and Bottoms Product
Samples of distillate and bottoms product (spent mash) from batches
7 to 13 were analyzed for residual Captan by means of gas-liquid
chromatography. The bottoms product had to be cleaned by washing (see
Appendix C for procedure) before injection into the column, as masking
would occur from other compounds present. Results are shown in Table 12.
The residual Captan in the bottoms product was nondetectable; no
Captan was found in the distillate of any sample.
Eight independent samples were prepared following the procedure
outlined in Appendix C, page 92, to investigate the intermediate levels
of Captan between the hydrolysis step and the commencement of fermenta
tion (see Table 13). The intermediate level of Captan was not detect
able, indicating that degradation occurs during the hydrolysis of starch
to glucose.
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Table 12. Residual Captan after fermentation
and distillation
Batch Spent mash Distillate
Captan ppm Captan ppm
7
8
9
10
11
12
13
nondetectable levels of Captan
0 ± 0.5 ppm
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Table 13. Intermediate Captan
levels
Sample Captan
level
1
2
3 levels of
4 Captan were
5 undetectable
6 0 ± 0.5 ppm
7
8
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SUMMARY AND CONCLUSIONS
A laboratory procedure was developed in order to predict the
possible yields of ethanol from ground corn. The procedure was
verified using a method of known addition of pure cornstarch; recovery
of starch was determined by measuring the amount of glucose after
hydrolysis, using an alkaline ferricyanide method. Potassium ferri-
cyanide is a yellow solution, which loses its color when reduced to
potassium ferrocyanide by glucose. The percent reduction of color is
an indication of how much glucose is present.
The starch content of the corn used in the analysis was difficult
to determine by AOAC methods, as these gave Inconsistently high results
This was due to the complexity of the procedure, so the labora
tory procedure was further developed to determine the starch content
of corn for various cooking times.
The starch that was released and converted to glucose depended
on the period of cooking, and size of grind; the estimated starch in
hybrid 141 after one half hour of cooking is 58.8%. This figure was
used as a reference starch level for the comparison of ethanol yields
from com treated with Captan and a control.
The presence of Captan does not seem to influence the hydrolysis
of starch to glucose by bacterial amylases; however,it appears that
yield of ethanol is significantly increased, accepting a one in twenty
chance that the results are from an unusual sample. The increased
yield could be due to the presence of the fungicide inhibiting the
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propagation of organisms during storage.
Statistical analysis of the data shows a significant variation in
both glucose and ethanol yield from day to day. This could be due
to any of several reasons:
1) Nonhomogeneity of grind, causing stratification in storage
containers, larger particles remaining at or near the surface, whilst
smaller particles settle towards the bottom; this would be aggravated
by continued handling of any storage container,
2) Imperfect mixing during cooking.
3) Variation in rates of cooling of mashes, known to affect
ethanol yields (Folckemer, 1943).
4) Nonsterile conditions for fermentation.
The theoretical yield from the control 141 com sample is 2.55
U.S. gallons of 180 proof ethanol per bushel, however, expressing
confidence intervals on the average yield from this sample for a half
95% confidence interval expressed on expected average yield of 180
ethanol has a lower bound of 1.40 US gallons/bu and an upper bound of
1.56 US gallons/bu.
Similarly for Captan treated seed com:
95% confidence interval expressed on expected average yield of 180
ethanol has a lower bound of 1.56 US gallons/bu and an upper bound of
1.71 US gallons/bu.
The residual amounts of Captan are not detectable in either
bottoms product or distillate.
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Wi::h the onset of an energy crisis it is possible that ISO proof
ethanol could be produced in small scale on farm plants, and used as an
alternate source of fuelj however the economic viability of such an
enterprise has yet to be fully evaluated.
Results of this thesis are of direct concern to production of on
farm 180 proof ethanol, showing:
1) Cooking ground corn at atmospheric pressure and then fermenting
the resultant glucose in a non sterile environment will give batch to
batch variations, however the average yield of 180 proof ethanol will
be between 1.40 US gallons/bu and 1.56 US gallons/bu. This interval is
expressed with 95% confidence, accepting that there is a one in twenty
chance that the results are from an unusual sample.
2) Captan does not significantly affect the action of bacterial
amylases used in the hydrolysis of starch.
3) Ethanol yields may be significantly increased by the presence
of Captan.
4) Captan levels are nondetectable, due to chemical degradation
of the fungicide in the hydrolysis of starch to glucose.
Thus, fermentation may be a possible method of detoxification of
Captan treated grains, and hence alleviate the disposal problem.
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APPENDIX A:
RAW DATA AND CALCULATIONS
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Table 14. Raw data - batch 1
Treat
ment sucrose 24 hrs
Pycnometer
Aver- with dis-
age tlllate empty
Corrected
specific
gravity
24/24
alcohol
% V
141 10. 00 10.20 10.40 10. 20 151.7340 52.4105 0. 9928
4. 39
141 10. 10 9.80 10.15 10. 00 151.7887 52.4105 0. 9933
4. 96
141T 9..00 9.00 9.00 9. 00 151.8713 52.4105 0. 9942 3. 95
141T 10. 60 10.90 10.90 10. 80 151.5181 52.4105 0. 9906 6. 60
Table 15. Raw data - batch 2
Treat
ment sucrose 24 hrs
Aver
age
Pycnometer corrected 24/24
with dis- specific alcohol
tillate empty gravity % V
141 10. 20 10. 20 10. 20 10. 20 154. 2173 55. 2314 0.9896 7.37
141 10. 20 10. 30 10.,50 10.,30 154. 2031 55. 2314 0,9894 7.53
141T 8. 90 10. 50 9. 00 8.,80 154. 2050 55. 2314 0.9895 7.45
141T 9. 60 10. 30 9. 50 9.,60 154. 1950 55. 2314 0.9894 7.53
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Table 16. Raw data - batch 3
Treat
ment % sucrose 24 hrs
Aver
age
Pycnometer Corrected 24/24
with dis- specific alcohol
tillate empty gravity % V
141 6.80 7. 40 7. 40 7, 20 154. 6149 55. 2314 0.9936
4. 39
141 4.40 4, 60 4. 00 4. 33 154. 8220 55. 2314 0.9956 2. 97
141T 5.80 6. 00 6. 00 5. 93 154..5075 55, 2314 0.9925 5.,18
141T 9.00 8. 50 9. 00 8. 83 154..4354 55. 2314 0.9918 5.,70
Table 17. Raw data - batch 4
Treat- Aver
ment % sucrose 24 hrs age
141
141
141T
141T
7.80
5.40
6.40
7.20
7.80
5.40
5.90
7.40
7,80
5.80
5.80
7.40
7.80
5.53
6.03
7.33
Pycnometer
empty.
with dis
tillate
Corrected
specific
gravity
24/24
alcohol
% V
151.7100 52.4105 0.9926 5.11
151.8025 52.4105 0.9935 4.46
151.7442 52.4105 0.9929 4.89
151.7030 52.4105 0,9925 5.18
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Table 18. Raw data - batch 5
Pycnometer
Corrected 24/24
Treat Aver with dis specific alcohol
ment % sucrose 24 hrs age tillate empty gravity % V
141 6.85 6.60 6.80 6.75 152.1200 52.4105 0.9967 2.21
141 5.90 5.90 5.90 5.90 151.7501 52.4105 0,9930 4.82
141T 5.20 5.20 5.50 5.30 151.8193 52.4105 0.9936 4,39
141T 6,90 6.80 6.80 6.83 151.6870 52,4105 0.9923 5.40
Table 19. Raw data - batch 6
Pycnometer
Corrected 24/24
Treat Aver with dis specific alcohol
ment % sucrose 24 hrs age tillate empty gravity % V
141 14.40 13.20 13.30 13.63 151.2649 52.4105 0.9881 8.56
141 11.20 11.10 11,20 11.17 151.1997 52.4105 0.9875 9.03
141T 12.10 10.20 11.80 11.37 151.0464 52.4105 0.9850 10.32
141T 12,00 11.00 12.00 11.67 — 52.4105 • ™ 10.60®
^Condenser failure, value is estimated.
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Table 20. Raw data - batch 7
Treat
ment % sucrose 24 hrs
Pycnometer
Aver- with dis-
age tillate empty
Corrected
specific
gravity
24/24
alcohol
% V
141 8.40 8. 60 9. 40 8.80 151. 8668 52. 3528 0.9951 3. 32
141 9.20 9. 00 9.,10 9.10 151. 9529 52. 3528 0.9960 2. 70
141T 10.00 10. 20 10.,00 10.07 151.,8429 52.,3528 0.9949 3. 46
141T 9.20 9. 10 9.,40 9.23 151.,7772 52. 3528 0.9942 3. 95
Table 21. Raw data - batch 8
Treat
ment % sucrose 24 hrs
Aver
age
Pycnometer
empty
with dis
tillate
Corrected
specific
gravity
24/24
alcohol
% V
141 8.30 8.10 8.30 8.23 151.3806 52.3528 0.9903 6. 83
141 9.00 9.00 8.90 8.97 151.3169 52.3528 0.9896 7. 37
141T 9.80 9.90 10.00 9.90 151.3340 52.3528 0.9898 7. 21
141T 8.90 8.90 8.90 8.90 151.1962 52.3528 0.9884 8. 32
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Table 22. Raw data - batch 9
Treat
ment % sucrose 24 hrs
Pycnometer corrected 24/24
Aver- with dls- specific alcohol
age tillate empty gravity %V
141 11. 50 11. 20 11. 40 11. 37 151. 1186 52. 3531
0.9876 8.95
141 11. 40 11. 50 11. 60 11. 50 151.,1100 52. 3531
0.9876 8.95
141T 10. 00 10. 20 10. 40 10. 20 151.,2179 52. 3531
0.9886 8.16
141T 10. 20 9. 50 9. 50 9. 73 151.,2271 52. 3531
0.9887 8.08
Table 23. Raw data - batch 10
Treat
ment % sucrose 24 hrs
Aver
age
Pycnometer corrected 24/24
with dis- specific alcohol
tillate empty gravity % V
141 10.20 10.20 10.20 10.20 151.3946 52.3466 0.9905
141 8.80 9.00 9.00 8.93 151.5111 52.3466 0.9916
141T 8.00 7.80 8.00 7.93 151.6160 52.3466 0.9927
141T 8.00 8.20 7.80 8.00 151.3679 52.3466 0.9902
6.68
5.85
5.03
6.90
61
•
Table 24. Raw data - batch 11
Pycnometer
Corrected 24/24
Treat Aver • with dis specific alcohol
ment ^ sucrose 24 hrs age tillate empty gravity % V
141 9. 40 9.40 9.20 9.33 151.6659 52.3466 0.9928
4.96
141 7. 00 7.00 7.00 7.00 151.5325^ 52.3466 0.9915 5.92
141T 9. 00 9.00 9.00 9.00 151.5773 52.3466 0.9919
5.62
141T 8. 20 8.40 9.00 8.53 151.5359 52.3466 0.9915
5.92
Foamed on distillation.
Table 25. Raw data - batch 12
Treat
ment % sucrose 24 hrs
Aver
age
Pycnometer corrected 24/24
with dis- specific alcohol
tillate empty gravity %V
141 10.90 11.40 11.00 11.10 151.6234 52.3470 0.9924
141 10.50 10.30 10.50 10.43 151.5153 52.3470 0.9913
141T 10.10 9.80 10.20 10.03 151.3878 52.3470 0.9901
141T 10.40 10.30 10.50 10.40 151.3050 52.3470 0.9897
5.24
6.07
6.98
7.45
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Table 26. Raw data - batch 13
Pycnometer corrected 24/24
Xreat- Aver- with dis- specific alcohol
ment %sucrose 24 hrs age tillate empty gravity %V
141 12.
o
o
12. 20 12. 20 12.13 151. 3054 52.,4650 0.9880 8. 63
141 7.,00 6. 50 6. 00 6.50 151. 3454 52. 4650 0.9884 8. 32
141T 11..00 11. 00 11. 00 11.00 151. 2765 52.,4650 0.9877 8.
87
141T 10,.50 11. 20 11. 20 10.97 151. 2970 52.,4650 0.9879 8.,71
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Table 27. Raw andi calculated data
Control 141 Captan 141T
% % % %
glucose ethanol Yield, % glucose ethanol Yield, %
Batch by vol. theoretical by vol. theoretical
1 10.00 4,39 42 9.00 3.95
38
10.20 4.96 48 10.80 6.60
64
2 10.20 7.37 71 8.80
72
10.30 7.53 73 9.60 7.53 73
3 7.20 4.39 43 5.93 5.18
50
4.33 2.97 29 8.83 5.70 55
4 7,80 5.11 49 6.03 4.89
47
5.53 4.46 43 7.33 5.18
50
5 6.75 2.21 21 5.30 4,39
42
5.90 4.82 47 6.83 5.40 52
6 13.65 8.56 83 11.37 10.32
100
11.17 9.03 87 11.67 10.60 103
7 8.80 3.32 32 10.07 3.46
34
9.10 2.70 26 9.23 3.95 38
8 8.23 6.83 66 9.90 7.21
70
8.97 7.45 72 8.90 8.32 81
9 11.37 8.95 87 10.20 8.16
79
11,50 8.95 87 9.73 8.08
78
10 10.20 6.68 65 7.93 5.03
49
8.93 5.85 57 8.00 6.90
67
11 9.33 4.96 48 9.00
5.62 54
7.00 5.92 57 8.53 5.92 57
12 11.10 5.25 51 10.03 6.98
69
10.43 6.07 59 10.40 7.45
72
13 12.13 8.63 34 11.00 8.87
86
6.50 8.32 81 10.97 8.71
84
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Calculation of Alcohol % Volume
1) Pycnometer full H^O at mark - 100.0434 g
empty 52.4105 g
2) Sample calculation
Pycnometer full distillate 151.5181 g
(3 24/24 52.4105 g
Weight of sample 99.1076 g
Weight of H2O
99.1076 ^ 0.9906
100.0434
Specific gravity 0.9906 24/24 ® 6.60%V alcohol
(from AOAC, 1975, Table 52.001)
Calculation of Theoretical Ethanol Yield
Sample 141 58.8% starch as determined by a method of known addition
of pure comstarch with a 1/2 hr cooking time.
Reactions + nH^O -*• " '^-i2^22'^ ll^
starch rawt(l62)
'^ 12»22°ll ^ «2° " 'S»12°6
glucose oiwt 180
'=6"l2°6 «2° " ''=°2 ^
glucose iswt 180 ethanol mwt 92
25 g corn x 0.588 g starch x 180 g glucose x 92 g ethanol(200°)
g corn 162 g starch 180 g glucose
" 8.3482 g 200 proof ethanol
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Calculation: % of Theoretical Ethanol Yield
6.60%V = 5.33%W from AOAC (1975) Table 52.005.
.,5.33 g observed ethanol—. ^ theoretical yield
8.3482 g expected ethanol
From 1 bushel of ground corn
Assume 1/2 hr cooking time.
1 US gallon water at 25®C weighs 8.312 lbs. Specific gravity of
180 proof ethanol at 25°C is 0.827. 1 bu corn contains 47.3 lb dry
matter. Thus 1 bu ground com will yield:
47.3 lb DM X 0.588 lb starch x 180 lb glucose x 92 lb ethanol (200°)
lb DM 162 lb starch 180 lb glucose
« 15.79 lb of 200 proof ethanol.
15.79 lb 200 proof ethanol a 15.79 lb (180° ethanol)
0.9
- 17.54 lb 180' ethanol
at 25-0
17.54 lb (180 proof ethanol) ^ 2.55 us gallons of 180' ethanol/bu
8,312 lbs water x 0.827
US gallon
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ANALYSIS OF variance PROCEDURE
CLASS LEVEL INFORMATION
CLASS LEVELS VALJES
BLOCK 13 I 2 5 4 5 6 7 a 9 10 II 12 13
TRT 2 I 2
NUMBtiR OF OoSERVATlONS IN DATA SET = 52
MEANS
BLOCK N SUGAR ETOH
1 4 lO.OOCOOOO 4.97500000
2 4 9*7250000 7.47000000
3 4 6.5725000 4.56000000
4 4 6.6725000 4.91000000
5 4 6.1950000 4.20500000
6 4 I I .81 7500 0 9.62750000
7 4 9.3000000 3.35750000
d 4 9.0300000 7.^*5250000
9 4^ 10.7000000 S.53500000
1 0 4 6.763000 0 6.11500000
1 1 •4 8.4650000 5.60500000
1 2 4 10.4500000 6.4375 CO 0 0
13 I 0.1500000 3.6 3 25000 0
TRT N SUGAR ETQM
1 26 9«0d961538 5.96769231
2 26 9.04153846 6«609ei53d
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APPENDIX B:
ENZYME SPECIFICATIONS
(Novo. 1977. Termamyl Properties. IB 049c-BG/PR/HN; Novo. 1972.
Amyloglucosldase Novo. O2Oc-GB/BEN/OS0. Novo Industri A/S, Bagsvaard,
Denmark.)
84
Amyloglucosidase Novo
Amyloglucosidase Novo is an alpha-l,4-glucan glucohydrolase enzyme
prepared by submerged cultivation of a strain of Asperglllus niger. It
is available as a liquid with a standardized activity of 75, 100, or 300
Novo AG-units/ml.
Amyloglucosidase Novo catalyzes the step-wise hydroysis of alpha-
1,4-links in starch and oligosaccharides by releasing single glucose
units from the non-reducing end of the molecule. The alpha-l,6-links
are also attacked so it is possible to achieve complete conversion of
liquefied starch to glucose. The enzyme preparation is free from
glucosyl transferase activity and this makes it an ideal choice for
saccharif ication.
Influence of temperature and pH
Figure B-1 illustrates the pH/activity relationship of Amylogluco
sidase Novo. The pH-optimum is 4.0-5.0, but small variations either
way can be tolerated.
Figure B-2 illustrates the dependence of activity on temperature.
A temperature of 60®C is recommended, but for short reaction times the
temperature may be taken a few degrees higher.
Storage
Storage temperature in excess of 25®C (77"F) should be avoided.
The product should be kept in the shade or, better still, in a cellar.
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P.eUtive eccivitv in Z
Method of analysis: Novo AG-aeChod
Temperature: 25®C
Reaction time: 30 min
Figure B-1. Influence of pH on the activity of amylo-
glucosidase Novo
86
! 4 ; Vtr 1c ; V• t y in %
Method of analysis: Novo NAG-nethod
Figure B-2. Influence of temperature on the activity of
atoyloglucosidase Novo
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Main applications
For the production of "Total Sugar," Crystalline Dextrose, and
High DE-Syrups.
Termamyl Properties
Termamyl is an alpha-an^lase produced by a selected strain of
Bacillus licheniformis.
Action
Tennanyl is an endo-amylase and will hydrolyze 1-4 alpha-glucosidic
linkages in amylose and amylopectin at random. Starch is therefore
rapidly broken down to soluble dextrins and oligosaccharides.
Appearance
The product is available as a dark brown liquid with a standardized
activity of 60 Kilo Novo Units per gram. Specific density around 1.2
g/cc.
Storage
Storage temperatures in excess of 25'C (77®F) are to be avoided.
Dependence of activity on temperature and pH
The pH optimum of Termamyl is dependent on the temperature. At
60®C the optimum is approximately 6. As the temperature increases, the
pH optimum shifts towards 7.0. In Figure B-3, the pH/temperature
activity relationship is shown compared with a subtilis alpha
amylase. In Figure B-4 the temperature activity relationship for
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Termamyl at a fixed pH of 5.7 is shown, together with the same relation
ship for a subtilis alpha amylase.
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APPENDIX C;
PROCEDURES
92
Summary of Laboratory Procedure
Laboratory procedure, starch to alcohol
1) Weigh out 25 g of milled grain.
2) Add 70 ml cold water and 1 ml lOOX Novo 60L.
3) Cook for 30 min at 90®C.
4) Add 50 ml H^O and 1 ml lOOX Novo 60L.
5) Allow to cool to 60°C.
6) Adjust pH to 4.5 (propionic acid) and add 4 ml of 100 X AGM
150. Seal and place in water bath at 60®C.
7) After 24 hr use refractometer to measure %Sucrose equivalent
8) Adjust pH to 5.5 with NaOH; allow to cool to 30®C.
9) Inoculate with dry wine yeast and-incubate at 30**C for 72 hr
(use manifold and bubble trap),
10) Measure alcohol yield.
Calculation of %Recovery of Starch Following Known Addition
of 100% Cornstarch
Observed starch (from sample 2)
%recovery - observed starch (1) x sample(2)+ cornstarch added
sample 1
Example (from Table 3):
0.3780 \ 4/\'«w
%recovery - 100 x (o.2230 x 0.3525 +0.1462^
0.3512
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Starch Procedure
1) Weigh out .4 g of milled com.
2) If moisture percent is not already known, a percent of total
solids should be determined.
3) Add 70 ml H^O and 1 ml lOOX Novo 60L.
4) Cook for 30 min at 90"C.
5) Add 50 ml H^O and 1 ml 100 XNovo 60L.
6) Allow to cool to 60®C.
7) Adjust pH to 4.5 and add 4 ml of lOOX AGM 150. Seal and place
in water bath at 60®C overnight.
8) Dilute to 250 ml.
9) Filter through Whatman #54 paper.
10) Determine mg glucose, following Alkaline Ferricyanlde method.
See below.
Determination of Reducing Values using Alkaline Ferricyanide
Reagent: 5 gm KCN
0.34 gm KjFeCCN)^
20 gm Na2C02
1,0 1 distilled water
Procedure: Add 1.0 ml of sample to 4.0 ml of reagent into B and
L Cuvettes. Heat in a boiling water bath for 10 min.
Cool and measure the absorbance at 420 nm. Use various
concentrations (10- 200 Ug/ml) of dextrose as standards
Use distilled H^O as a blank.
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Chemistry: The oxidation of the carbohydrate by the ferricyanide
(yellow) results in the reduction of the ferricyanide
to ferrocyanide (colorless). The reducing value of
the carbohydrate is thus determined by a measurement
of the loss of the ferricyanide yellow color.
Revised Starch Procedure
1) Weigh out .25 g of milled com.
2) Determine percent total solids if necessary.
3) Carry water blank through all steps.
4) Add 50 ml H^O and .5 ml lOOX Novo 60L.
5) Reflux for 4 hr.
6) Add 50 ml H2O and .5 ml lOOX Novo 60L.
7) Allow to cool to 60°C,
8) Adjust pH to 4.5 with 0.02NH2SO^.
9) Add 2 ml lOOX AGM 150.
10) Seal and place in water bath at 60®C overnight.
11) Dilute to 250 ml.
12) Filter through Whatman #54 paper.
13) Determine mg glucose.
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Bottoms Product Washing Procedure for Bottoms Product
Prior to Captan Determination
Bottoms products were drained and allowed to air dry. Samples had
to be cleaned in a clean up column.
sodium sulphate
Florisil
glass wool
Procedure
1) Rinse with 30% ethyl acetate in hexane (5 ml).
2) Apply 1 ml of sample.
3) Wash through with benzene and collect 6 ml.
4) Boil down to 1 ml.
These were then diluted until peaks occurred on the standard curve.
